Recent studies focused on the role of gasotransmitters in cancer 27 progression and prevention. Therefore, this study was designed to explore 28 the vasodilator activity of NO and H 2 S in human mesenteric artery of CRC 29 patients via activation of K + channels. For this purpose, two sets of 30 experiments were established. The blood samples from CRC patients were 31 obtained to detect serum levels of Endocan and MDA. Moreover, the role of 32 K + channels were assessed in mediating vasodilation of human mesenteric 33 artery in response to SNP and Na 2 S. The level of serum Endocan was 34 decreased in CRC patients compared to healthy individuals, while serum 35 MDA was not changed. The arterial rings precontracted with NE were first 36 relaxed by cumulative addition of increasing concentrations of either SNP 37 (30nM-30μM) or Na 2 S (1-6mM). Then maximal relaxation rates were 38 calculated for four times at each 15min intervals. Preincubation of arterial 39 rings for 20min with individual K + channels blockers were significantly 40 reduced relaxation caused by SNP and Na 2 S at different time intervals. 41 Furthermore, pretreatment of L-NAME did not change the vasodilation 42 induced by Na 2 S. Vasodilation of CRC mesenteric unchanged by synergistic 43 application of SNP and Na 2 S. While preincubation of arterial rings with PAG 44 significantly enhanced vasodilation induced by SNP. In conclusion, these 45 results indicate that endothelial dysfunction and oxidative stress do not take 46 part in the pathogenesis of CRC. The dilatory mechanisms of NO and H 2 S 47 3 48 and the activity of CSE enzyme slows down the vasodilator ability of 49 exogenous NO. 50 Introduction 53 Colorectal cancer (CRC) is the third most frequently occurring 54 malignancy and the second leading mortality cause of cancer worldwide. 55 More than 1.8 million new CRC cases and 881,000 deaths was reported in 56 2018, accounting for about 1 in 10 cases and deaths [1]. Regardless of, the 57 low incidence of CRC in the Middle East [2], the Kurdistan region of Iraq 58 has a higher annual incidence rate of cancer, and it represents about 38 to 59 61.7 cases/100,000 population and it's the fourth cancer in both sexes 60 separately, and the cause of mortality of about 8.6% [3]. The most common 61 histopathological type of CRC in this region is adenocarcinoma [4]. 62 Endogenous gasotransmitters mainly nitric oxide (NO), carbon 63 monoxide (CO), and hydrogen sulfide (H 2 S) are generated endogenously by 64 specific enzymes [5]. NO is produced from L-arginine by the enzyme NO 65 synthase (NOS) [6, 7] while H 2 S is synthesised from L-cysteine by either 66 cystathionine beta-synthase (CBS), cystathionine gamma-lyase (CSE) or 67 mercaptopyruvate sulfurtransferase (MST) [8, 9]. They can modulate 68 different biological pathways and functions at a physiologically relevant 69 concentration [10] by the opening of various kinds of membrane ion 4 70 channels [11]. NO is an essential regulator of angiogenesis [12] and 71 vasorelaxation through activation of guanylate cyclase and production of 72 cyclic guanidine monophosphate (cGMP) [13]. cGMP, in turn, will increase 73 an endothelial Ca +2 concentration and finally the opening of localised Ca +2-74 dependent potassium (K + ) channels (K Ca ) [14]. In contrast, H 2 S exerts its 75 effect on vasodilation [15] and angiogenesis [16] via direct activation of 76 K ATP channels [17]. 77 Beside their independent actions, NO and H 2 S can act synergistically or 78 antagonistically to elicit their downstream effects, ranging from their 79 biosynthesis to the signalling cascade in a cell target. NO, and H 2 S are 80 mutually dependent on regulating the vasodilation, angiogenesis [18, 19] and 81 endothelial homeostasis [20] at different levels. The role of these gases in 82 cancer is quite confusing, as both gases have tumour promotion and anti-83 tumour properties [21] and they can modulate various cancer cell functions, 84 such as proliferation, invasion, metastasis, and tumour angiogenesis [22]. 85 Moreover, the enzymes responsible for NO and H 2 S production are 86 upregulated in CRC cells, endogenously produced low-to-mid 87 concentrations of H 2 S or NO support cell proliferation, while exogenous 88 delivery of H 2 S or NO can suppress the colon cancer cells division [23].
in mesenteric arteries of CRC patients are K + channels and time dependent, 7 137 biotinylated detection antibody specific for Endocan and Avidin- 138 Horseradish Peroxidase conjugate and substrate were added to each 139 microplate well. Only those wells that contain Endocan, biotinylated 140 detection antibody and Avidin-HRP conjugate appeared blue in colour and 141 reaction was stopped with 1N H 2 SO 4 solution, and the colour turns yellow. 142 The absorbance was measured spectrophotometrically at a wavelength of Human mesenteric arteries from patients suffering from CRC and 158 underwent partial colectomy was collected. The arteries supplying blood to 159 the tumour were dissected out surgically and directly were added to a beaker 160 containing cold modified Krebs solution (Fig 1) and aerated with 95% O 2 161 and 5% CO 2 . In the laboratory, the excess tissue and fat were removed, and 162 the arteries were cut into rings about 3-4 mm long. 
Recording of Isometric tension 165
The procedure of [31] with some modifications was followed to study 166 the vasodilator activity of the isolated mesenteric arteries. The arterial rings 167 were held up by two stainless steel clamps. The first clamp was attached to 168 a hook at the underside of the organ bath jacket and the other was connected 169 to the force transducer through a thread to record the isometric tension of the 170 mesenteric arteries, and the data was recorded by LabChart data acquisition 171 software. The held up arterial rings were immersed in Krebs solution (NaCl 172 5.10gm/L, NaHCO 3 1.94/L, MgSO 4 0.686gm/L, KCl 2.24gm/L, KH 2 PO4 173 0.15gm/L, CaCl 2 0.277gm/L, C6H12O6 2gm /L), contained in a 10 ml organ 174 chamber. Krebs solution was maintained at pH 7.4 and was constantly 175 aerated with 95% O 2 5% CO 2 at 37 o C (Panlab Harvard Apparatus, USA).
176
The mesenteric arterial rings were tensed to a stable basal strain of 4gm 177 before left to equilibrate for 2hrs. To remove cellular metabolites, Krebs 178 solution was replaced every 15-20min intervals in the bath chamber until it 9 179 reaches the stability and the experimental substances acquaint with the bath 180 chambers according to the protocols, the arteries were incubated with drugs 181 for 20 minutes then norepinephrine (NE) 1µM until reaches maximum 182 contractility and plateau, then relaxation happened by bolus single dose 183 application of sodium nitroprusside (SNP) or sodium disulfide (Na 2 S). In the second part of the present study, we found that SNP profoundly 327 relaxes mesenteric arteries in CRC patients. In this concern, the previous 328 study conducted by [40] recorded 69% relaxation of rat mesenteric arteries, 329 whilst the relaxation of human hand veins reached 103% [41] . Then, to 330 explore the exact mechanism of relaxation of SNP, the role of K + channels 331 were tested in the mesenteric arteries of CRC patients.
332
The results of the present study unveil that K + channels have a great role Ohia, Opere (67); Monjok, Kulkarni (68) they were notified that L-NAME 398 did not modify the relaxation effects of Na 2 S in isolated porcine irides, this 399 means that endogenous NO has no impact on the vasoactivity of H 2 S donor. 
